ABSTRACT Climate change will likely exacerbate already existing urban social inequities and health risks, thereby exacerbating existing urban health inequities. Cities in lowand middle-income countries are particularly vulnerable. Urbanization is both a cause of and potential solution to global climate change. Most population growth in the foreseeable future will occur in urban areas primarily in developing countries. How this growth is managed has enormous implications for climate change given the increasing concentration and magnitude of economic production in urban localities, as well as the higher consumption practices of urbanites, especially the middle classes, compared to rural populations. There is still much to learn about the extent to which climate change affects urban health equity and what can be done effectively in different socio-political and socio-economic contexts to improve the health of urban dwelling humans and the environment. But it is clear that equity-oriented climate change adaptation means attention to the social conditions in which urban populations live-this is not just a climate change policy issue, it requires inter-sectoral action. Policies and programs in urban planning and design, workplace health and safety, and urban agriculture can help mitigate further climate change and adapt to existing climate change. If done well, these will also be good for urban health equity.
INTRODUCTION
Modern human society has seriously perturbed and depleted Earth's systems that sustain life. 1 Industrialized societies have become increasingly dependent on everincreasing volumes of production and consumption. Added to population growth, this has led to increasing over-exploitation of finite natural resources and overemission of greenhouse gases (GHGs). 2, 3 The combined concentration of GHGs in the atmosphere has already committed Earth's mean surface temperature to a rise of at least 2°C by 2050, and a further total warming by 2100 to within the range of 1.8-4.0°C. 4 As the temperature of the planet rises, there is, and will be, increased and more severe floods, droughts, storms, and heat waves.
Preliminary analyses suggest that associated adverse health outcomes will be greatest in low-income countries and among socially disadvantaged people living and working in urban areas, elderly people, children, and coastal populations, but the exact pathways from climate-related events to health inequities remain unclear. [5] [6] [7] There has been increasing research and policy attention to the social determinants of urban health inequities, [8] [9] [10] [11] and there is a growing literature on the interface between global climate change and urbanization. 12, 13 There is, however, little documented specifically in relation to climate change and urban health inequities. In 2009/2010, the Global Research Network on Urban Health Equity (GRNUHE), financially supported by the Rockefeller Foundation, reviewed current knowledge about the social and environmental determinants of urban health inequities, documented effective action to improve urban health equity, and identified gaps in the evidence base, thereby setting direction for a global research agenda. 14 As part of its work, GRNUHE asked how climate change combines with processes of urbanization and other social determinants of health to affect the risk of urban health inequities. This paper reports on that work. It outlines the plausible causal pathways from climate change to urban health inequities, lays out some key policy areas in which action can be taken to improve urban health inequities, and suggests a global research agenda which addresses the gaps in the evidence base concerning climate change and urban health inequities.
PLAUSIBLE CAUSAL PATHWAYS FROM CLIMATE CHANGE TO URBAN HEALTH INEQUITY
Climate change will likely exacerbate urban health inequities via direct and indirect pathways, some of which are discussed briefly below (Figure 1 ).
Risks to Urban Health Equity from Extreme Weather Events and Sea Level Rise
Sea-level rise has profound implications for the 13% of the world's urban population living in the low elevation coastal zone. 15 Low-lying cities and towns near coasts will most probably face increased risks from more frequent and more intense hurricanes, cyclones, and storm surges causing flooding, direct injury, and damage to infrastructure, including roads, housing, water, and sanitation systems. Poorer urban households are usually at higher direct health risk due to less safe city locations and building sites, and the weaker resilience of infrastructure in poorer cities to withstand damage. 16 Poorer urban households also often lack the economic resources to evacuate in the face of climate-related disasters or to rebuild damaged structures, and they typically lack the political influence to secure protective policies.
The experiences of severe storms and floods in Manila, as well as the 2010 earthquake in Haiti, have demonstrated the vulnerability of poor urban areas to major disasters. The flooding of New Orleans in 2005, and its effects on elderly rest home patients and poor people who could not evacuate because of lack of transport, gave a striking example of what might happen among socially disadvantaged urban communities, even in rich countries. 17 Extreme Temperatures and Their Impact on Urban Health Inequities Climate change, amplified by the heat island effect in inner city environments, is causing increased temperatures and urban health risks. 18 The urban heat island effect is a result of higher average temperatures due to the lack of shade and vegetation as well as dark road and building surfaces. 19 Heat wave mortality and morbidity increases have been reported in cities in the USA, 20, 21 Europe, 22, 23 and in developing countries. [24] [25] [26] Heat-related health risk is socially graded-urban slum dwellers, lower socioeconomic, and minority ethnic groups are more likely to live and work in warmer neighborhoods and in buildings that are poorly ventilated and absorb heat. 25 Many cities in low-and middle-income countries are built in marginal lowlands, which are particularly hot, humid, and often plagued by disease, thereby exposing people who live there to a variety of heat-related health risks. 27 Densely populated urban neighborhoods with few trees have maximum temperatures during the day 1-3°C higher than cities with parks or open landscape areas. 28 Poor neighborhoods with weak infrastructure, buildings, and unplanned settlement developments with little green spaces and use of black corrugated steel panels for roofs and walls are likely to be more exposed to high temperatures compared to more affluent neighborhoods and will have less capacity to adapt to the impact. 25 Urbanization is both a result of the concentration of manufacturing and service enterprises in one place and a magnet for the emergence of new workplaces and workers in urban areas. Thus, the climate conditions in urban workplaces are a major concern as climate change makes many workplaces hotter during the hottest part of the year. 26 Economic sectors frequently exposed to excessive heat in urban areas include construction workers, manufacturing workers with outdoor job activities or job activities in confined areas, and drivers. Many indoor factory and workshop jobs are not air-conditioned. The indoor exposure levels in the general environment of most of the tropics are already high and increasing. 
Climate Change Impacts on Infectious Diseases and the Risk to Urban Health Equity
Climate change will significantly influence, and mostly increase, the range of infectious diseases (food-borne, water-borne, and vector-borne). 30, 31 Poor urban living conditions, particularly those among the one billion people living in urban slums, are the breeding ground for climate-sensitive infectious diseases such as diarrhea, malaria, and dengue. 31 When basic infrastructure is inadequate, existing conditions of poor sanitation and drainage and impure drinking water are further stressed under conditions of extreme weather events and flooding, leading to the transmission of infectious diseases, which puts poor urban households at higher than usual risk. Around half of the urban population of Africa and Asia lacks provision for water and sanitation to a standard that is healthy and convenient. A recent census in Dhaka, Bangladesh reveals that nearly 60% of slums lack basic drainage and are prone to flooding. 32 In Latin America and the Caribbean, more than a quarter lack such provision.
Climate Change Pressures on Urban Food Security
Climate change is having uneven but generally negative impacts on agricultural production, largely through its effects on temperature and precipitation patterns. Drought-prone and long-term drying conditions in sub-tropical regions around the world, higher temperatures, and increasing frequency of flooding are already reducing agricultural yields. 1 There is a significant risk that declining agricultural productivity growth, growing competition for land and water, and increasing food demands are creating a new era of increasing food prices. 33, 34 Low-income urban populations are among the most vulnerable to food price increases, as they generally depend on the market for their food supplies and have limited budgets. 35, 36 As prices rise, urban poor groups will be increasingly unable to afford a diet of the quality necessary to maintain their health. 37 There may also be other health consequences if the price increases drive them deeper into poverty, as some recent research suggests, 38 while riots and social instability can result from food shortages among low-income urban populations.
Climate Change and Rural-Urban Migration
Migration is expected to be a response to anthropogenic climate change, though some of those worst affected will not be able to afford to migrate far. 39, 40 Most of the migratory shifts are likely to be within countries or between neighboring countries. Where agricultural livelihoods are threatened by changing temperatures and precipitation patterns, there will be pressure to migrate to urban areas. The failure to accept and plan for the growth of low-income urban populations can make it difficult for poor urban groups to secure the benefits of urban living, including adequate homes with piped water and sanitation facilities. This is already an important source of urban health inequities. 41 Where rural-urban migration due to climate change coincides with or encourages exclusionary policies, urban health inequities are likely to be amplified.
ACTION TO REDUCE URBAN HEALTH INEQUITIES THROUGH ATTENTION TO CLIMATE CHANGE
Policy and programs that aim to address the common determinants of urban health and climate change have the potential to both reduce levels of health inequities and help avoid further climate change, and manage the existing climate change. Some of the key areas for action are outlined below.
Urban Design and the Built Environment
Effective urban management can help cities both mitigate further climate change and adapt to the impacts of existing climate change. The design of a city to be easily walkable, safe, and with adequate provision of cycle lanes and public transport corridors and hubs, in all parts of the city, will, if done well, help improve health equity 42 and reduce GHG emissions through reduced use of fossil fuel transport.
Ensuring parks, green spaces, and roadside trees as part of the basic urban infrastructure will help regulate city temperature, thus helping to cope with extreme heat as a result of climate change and also act as carbon sinks. The planning and allocation of these "green" adaptation measures must be done in such a way that low-income groups have the same access to them as higher-income groups; otherwise, there will be inequities in the associated health benefits. An example of equity-focused city adaptation to heat-related health risks are the "heat emergency" policies in place in a number of North American and European cities. These emphasize monitoring low-income, elderly, and other populations who do not have air conditioning or are otherwise at risk, declaring heat emergencies as appropriate, and getting them to places where there is air conditioning (such as government and community buildings, recreational centers, churches, malls).
Planning and land-use controls are useful tools with which to prevent developers from building in zones at risk of flooding and landslides (e.g., restrictions on building within 50-year floodplains in South Africa). Guidelines and regulations, such as a decision issued in 2006 by the Thua Thien Hue provincial authorities in Vietnam to encourage cyclone-resistant building practices, can increase resilience to climatic events. 43 Such regulations, however, should not penalize lower-income groups who may not have sufficient resources to follow such building practices nor be able to afford the premiums that may be attached to houses built to these specifications.
Urban households with poor sanitation and housing conditions are at increased risk of climate-related infectious diseases. Virtually all urban centers in high-income nations have high adaptive capacity; a large proportion of their populations have universal provision for safe, sufficient piped-water supplies, provision for sewers and drains that protect them from environmental hazards or health care, and emergency services to help them cope when illness occurs. Very little of this is the case in most urban centers in low-and middle-income countries. One example of a successful approach to improving sanitation is the Orangi Pilot Project in Pakistan. Residents built simple sewers, with technical and administrative support, while the government took responsibility for installing trunk lines to transport sewage for treatment. This project has had an enormous impact on the sanitary conditions in the low-income settlements, improving population health and reducing health inequities, and is now national policy in Pakistan. 44 This will improve the resilience of Pakistani urban dwellers to climate-change-related infectious disease risks.
Urban Workplace
A number of actions may be taken to adapt to climate-related heat exposure in workplaces and at the same time mitigate further climate change. These include improving the design of the workplace using engineering techniques to improve ventilated indoor working areas, redesigning workplaces using special materials for walls and roofs in order to isolate the outdoor climate effect and reduce the use of air conditioning, promoting the use of clean technologies for heat reduction, and providing shaded areas for outdoor workplaces. Other activities are recommended such as increasing workers' tolerance to heat by incorporating them gradually in heated activities; modifying working schedules to favor doing certain heat-producing tasks during the cooler times of the day; shortening shiftwork for specific physically demanding activities; and ensuring adequate recesses during the daily working hours, fluid and electrolytes replenishment for workers, and the use of personal protective clothing. However, many of the workers who are likely to be exposed to extreme temperatures are in the informal economy, often with little occupational health and safety supports or social protection generally. Key to reducing climate-related urban health inequities among these groups is to extend coverage of social protection and occupational health legislation, policy, and services to all workers. 27 Climate Proofing the Urban Food Supply Systems Adaptive responses to climate change by domestic urban food systems are vital. Urban food policies can both help to ensure the local provision of nutritious foods in climate-stressed conditions and help to create a local food supply that is environmentally sustainable. 45, 46 If done well, the implementation of urban agriculture-the cultivation, process, and distribution of food within the city-could prove an important response to the anticipated urban food pressure and potentially reduce urban poverty, reduce social inequity generally, help get people back to work, increase civic involvement, and improve sustainability. However, in both rich and poor countries, it is often the case that well-placed socially advantaged people benefit most from urban farming, whereas the poor, landless, and women benefit least, thereby potentially widening social and health inequities. 47, 48 Box 1: Urban Agriculture in Ghana
In 1972, Ghana's food movement "Feed Yourself Operation" encouraged city dwellers in Accra to farm in enclosed gardens around their homes and on the edges of cities. Without costing the city, the benefits of urban agriculture extended beyond greening and management of public spaces: it reduced refuse dumping and illegal-drug-related activities. In addition, there have been calls to recycle the mounting daily municipal organic waste for urban agriculture and discourage the use of artificial fertilizers by the uninformed cultivators. For Ghanaian families, urban agriculture is a significant income-diversification strategy by supplying months of staple food for the family. However, despite the socio-economic and environmental benefits, the Ghanaian policy makers and municipal government have yet to reevaluate their current urban land use planning regulations to address issues of land tenure and security to support urban agriculture. 48 This oversight is typical of most cities in developing countries and speaks to the need for urban agriculture to be at the heart of all urban planning and urban health efforts.
Urban agriculture is increasingly common in cities of high-income countries and holds promise for reducing social and health inequities and helping cites adapt to climate change. Detroit, a city of spiraling social and economic decline, has transformed many vacant land plots into community allotments. According to projected figures, urban agriculture in Detroit in the future could generate US $200 million in sales and approximately 5,000 jobs, with a US $1 investment returning approximately US $6 in fruit and vegetables. 49 In Skid Row, Los Angeles, home to one of the largest homeless populations in the USA, the Urban Farming Food Chain Project installed a series of 30-ft long walls, each containing 4,000 plants to supply tomatoes, spinach, peppers, lettuce, and leeks and herbs. The program has also drawn together diverse disadvantaged members of the community of all ages and ethnicities as well as provided them an opportunity to learn new skills (http://www.urbanfarming.org/). A project of the German Association of International Gardens aims to improve racial integration in addition to producing healthy fruits and vegetables for participants.
Climate change mitigation is, indirectly, also important for urban food security. Agricultural yields are increasingly affected by climate change. Urban food security therefore is dependent on climate security and requires immediate implementation of climate change mitigation policies.
GAPS IN THE EVIDENCE BASE: AN ACTION-ORIENTED RESEARCH AGENDA
As the evidence presented above will attest, currently, we can hypothesize and describe how some aspects of climate change will affect urban health inequities and identify key areas in which policy and programs, if done well, will protect urban communities from climate change and reduce urban health inequities. However, there is still much to learn, especially with respect to tailoring these concepts and applying them in the cities of low-and middle-income countries.
Work is in its infancy, internationally, to attempt to quantify climate change's contribution to human health patterns. In countries at all stages of economic development, there is a paucity of quantifiable evidence about the relationship between climate change and urban health inequities. There are gaps in the global evidence base in terms of understanding how different aspects of climate change contribute to urban health inequities. Research is needed that focuses on providing a better understanding of the plausible causal relationships and mechanisms by which different climate change components (temperature extremes, extreme weather, drought and flooding impacts on food, and infectious disease threats) affect health and its social distribution among urban dwellers.
Action-oriented research is needed that can help to develop and evaluate policy and actions to reduce the urban health impacts of different climate change events in different socio-political and socio-economic contexts. We need a better understanding of what can be done to mitigate and adapt to climate change such that urban health equity is improved. GRNUHE's work identified the need to embed considerations of health equity in climate change mitigation and adaptation policies. Systematic assessment is needed that explores the urban health equity impact of climate change mitigation and adaptation strategies, both qualitative and quantitative, and that draws on health equity impact assessment research internationally. Conversely, research is needed that evaluates the effectiveness of urban policies and programs to incorporate climate change mitigation and adaptation in ways that also improve urban health and health equity.
In conclusion, there is evidence to suggest that climate change does, and will increasingly, exacerbate underlying social inequities that contribute to urban health inequities. But there is still much to be learned about the extent to which climate change affects urban health equity and what can be done in different socio-political and socio-economic contexts to improve the health of urban dwelling humans and their living and working environment. It is clear, however, that policies and programs in urban planning and design, workplace health and safety, and urban agriculture can help mitigate further climate change and adapt to existing climate change. If done well, these will also be good for urban health equity. This highlights the importance of taking direct action on urban health inequities by addressing the social determinants of urban health inequities, key aspects of which are addressed in the other papers in this series. 42, [50] [51] 
